BULk ACOtS'ilCWAVL RFSO\ATOR AND CIKrUlT COMnisSINC SAMF 

TECHNCAL FIELD 

with bulk acoustic waves (or FBAR, Thin Film Balk Acoustic Wsve Ri\*s(.>i^;jicjr), also 
kiiowt^ as BAW resonator (Bulk Acoustic Wave Resoaator), as well as a circuit 
conslracted of sach resonaters. 

BACKGROUND 

BAW rex«50Bators are suitable, in particular, for band-pass higli-ft-sque?icy fsliers in 
siodeni filter mthmlogf, Mid cm be issed, for exampie, in mobile cQmmunicatiqn 

A rfesOii8fer operating with hxilk acoiistic waves Itas a ptc-zodectriolsyer that is 
dispONtaoa t\\o JT ual i \.cis (electrode ) l^i 4fess!: ^ st,qu4.u(.t riasf«»i.i5 

so s. V, s V id } >fiU tmv j^K c L t K ' 1 

si^v \ a V H*n c « c s HcU v.* 11 It rs V 1 v. c <^v 

oj>n;. V K.\xo ' <nhu and togt^tlicr can constitute a dtei uku io*- up 
^^vcn a^-' dpi dttr Sucl & h\ d pa^ rt1l<,rcati dsobt s^.-. iut,Ohc? \xii 
atidther tltes' in a daplexer. 
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u n I n \ to the it. oi ant lT(,t|w*>c> t^x t v. ) n 

i i. s 55 i ( uiu ail mdi'wti\or£s>i6*or i , "'n^.. c > 

vsfeuitk i! dviined b * the ic^onatoi } -f&Ch area ana the iniK KTv^s i k "'k / (>c <,v*' v. 
hsQT le r^^^iis oj R „ describe*! Iosncss m the resonator ^hiX tlio tapaut > v , ar». *i t- 

mducli vi; resistor Ljsi t^ete^ i^^I^ , The ratio Cjj/Cij 

detennines the coupling of the resonator, llie coupling cosfficisnt k of the resonator is 

Httkedto lbs resonant frei^aency 1^ aiid the aatiresoftant frequencj? fa: ^ wherein 



A bdud-pasfe i'Utr U 4rautii/<,d b> a tjan<}ivr fnrct'cn tits* I n -^.n^vu r 

at the edge ot ihe transmission band. 

I iHcupkdwiU onv.<i Otis.-*- } in t,N 1 V 5 
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which two resonators share a common e!.eclK>dej which is connected to ground (see ^-igurc 
3), or are arrajiged in a coupled-resonator arrangement, in whid- a cs-supling layer KS js 
arranged bc;.-<-vocrt Tne upper electrode E?. of Ihe lower resonator and ih:C loxver csccirodc 
E3 oi tlvo upper rcson;itor, imd said eloctrocies are conuected to ground (see l-iguro 4). 

5 Hfst resonstor in Figure 3 comprises a piexodectric layer PS 1 , which is arranged between 
two electrodes E 1 and E2, and m acoustic mirror AS arranged below the electrode E I , 
said acousiie ndn'or resurig. on a carri.er substrate TS, Abo\'e ihe Ots5 re.?o?-};nf5r. ;.i r^econd 
resonator is arrai'sged that comi?rise$ a piezoelectric layer PS2, which, is atTariged between 
tiie dectrode E2 and an electrode E3. Electrode E l is connected to port PI , electrode E3 

le to pojt F2 arid electrode E2 to gtotaid. 



r!(c xr> c- ^> :?tun .show n -rs Fsgwc 4 eonsii^vo* -ncludes j. tli^t tosonatof arranged 
on a carrier ^absiraie IS, d coupling layer KS disposed aho\c it and a second re^i nator 
arrangvd abo\ c the coupling layer KS, The first resonator is an-anged as described in 
!5 Figure 3. and is connected between port P I and ground, llie second resomtor contains 
(^(ion) botton-- ;>< lOp) t\\o c'ec^u<cc^ '"^ and VA a u! r, ojca v-'coL o '■<. \c~ P^- .^"-srgvV 
bt'i'Vieen said c>^cifodss, the .second resionator ben^g connected |->et\>cej po.i s-'J anu 
ground. The coupling layer KS arranged between said resonators provide:^ for acoustic 
coupling between these resonators; 

20 

Filters con^itracied of .icoiusucali) eoopied resonators are charaetcnzcj b> u Irg'-* 
sjtop band suppression, n.>wever, the edge steep icss and. -vsiih it, the adjacent cliaiuicl 



„ ^ as V iV I -^-^ s.." 

soL^ti-v it\ are comptmix cly ios- due *o the .'b ci cc ol Uol'i vnI p ^ v,t..>rs n 
proxmiily to Hiepass bmid. 

b.?na-pa&s tc^ ii> that tht, selection of such a fjlter m stop band atta? uNKte 

the tai-'fenission band for this reason, it is nm\ be diificvili, m tut^ t>pv of £ltci 
arrangeiiieiit, to achieve sufflcknt atteuimtion of tlie sjgiial m th stop band k proximity 
to the ttan&missk»j hmii. 

Considerable edge st€q>nc.ss is rcquira! in some applications. In the c-aso of 
da|?lexor5s that are suitable for the PCS telecommunicstioiss standard, for esam|)ks a 
decline m the trasisimssion function from ca, -3 dB to sigiiificamly below -40 dB within a 
frequency rai-ge of only 20 MI L- niust be yuaranlcoJ, l^revtou^l)- kfXHVi^ b;uvj -pa5s fiUu-rs, 
which are constructed of BAVV resonators, 4o rnav: not satisty ^ucb rcqui? cmcnt^, due to 
addiiioTial li-cc|ijcncy shii^s in the edges in response to temperature change or as & result of 
existing production tolerances (which, m tlie case of a filter operating si ca. 2 Gl i7. axui 

B \ W rcsonatorvS thai contain a pie20cla:tric layer of ALN, can amount to several 
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IX is known, froiti the reference EP 0949756 A2, that a .series conTiectjon ol" stacked, 
resonators accmstically coupled ^viih one another, well as additional resoiiaiors instead 

oi'Oic filler. The disaUvamage of tliis soiiition, however, i;s Lhai i« requriCL, a great dc;d oi 
5 space. 




15 I fee-fe v e a ^iBS^^efei^ IlikipM^ application de gcribsg a resonator opeFati«g 

with bulk acovLsiic waves (jjIso known as F>AW rcs«}nator - Bulk Acoustic Wave 
Resonator ~ or FBAR - Ihin fWm Bulk Acoustic Wave Resonator), which is consiruetsd 
of a sequence of layers contaimng the Allowing layers: a fmi layer region that, comprises 
a first eieclrode, an upper layer region tliat comprises a second electrode and, between tl^e 

20 f.vvo, a piezoelectric layer, A capacitor is connected in pamllel or in series to the smi 
resonator. 
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T»K COS ntOton n f dr*. kl ot « BAV\ i^soni^oi uncJ s v m^'^ ' ">'• v in vaJ o» < 
wnnoUed re ona or redavcs t!>c eftect've LOiiplmg ot ihe B \\\ >.c\u^ at<^r i s t 

i„ ' i s uxr^ it<,t < ^ ( i ^ ^ V ' > ''^ 1 ■! 

rcsonisnt n ormod bs C^, I „ and R i ctnaui^c unt.k<iiigeJ rclat v cs \-> ' Kso'^ai t 
K'aiicnc^ i, > o^*-' com t,^, ^^dj rtsonatoi f t In cofitia:** tho annr^^^iM it 



i ^quv.«K V (par*ilki "csonancc, or the r^-s^rant x'rv.quvnc^ ^ * Ok dK 

c-v I ' 1 mcd b\ C'( C, i and R,„) i> lowci ilu'^ tiK aitsrc^on^* jru.iucr<.% 

ci cu 1 1 in n C C„ I ^ ujtic K Jk u i >cctcd > "c'Jt i uo* \& v H . 
c III siL.p K^ss ot a band pass filter compnsmg sadi BAW lesoiatojs ss uicix, »su! 

■f.^ocomv^, ) s^i s > I x\\'-^> i{o-j<^ s^v^n .NvJ * oi 

civlarLi, -^vi ! 1 V »c u aai af s. iLc uXK uv«ia»->. .ii.qu*.nv-v > c vso * ^.r^ m the 
(.cw^ccv! M artncfeorant htqusncv i\ of" Uic ciruut (p rallcl rc nnan^e t * ftsmiant 
K\tKr(,%ot leptirt>IIel t!>t>Bant urc nt fonncd b^ C s. Cr 1 mu h^j "vnasp*. 
uncbaBged relative to the antiresonant fteqiiency 1^ of thii resonatot, fa fe cdntr ast, ; 

tfesrssonimt frequency (series resonsnce/or fee resonmit 
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freqiiency of thf serial rcsoacuit circuit fomicd Cn, Cj-a, I » and Rtg) isfi^iski ihe circuiJ is 
higher than the resonant frequenc7 1 {series resonance, or the j-e.^una^it lie-jiio-K ) iho 
serial rcsonasr, cirouit iomed by C^,. and Rj^) ol'ihc rv;?o:\'i->f . \^ a a.^jh, tbc cuge 
,Tccpncs.s of u band-piws. inter coniprisii^g such BaW resonjior^j is iucrijascil. 

In an a^vetirta-geous embodiment ef^^e-inveati^, the resonator is 
cuKini^ctl .^n curicr sub?5:ak\ It is ,iKi> ro-^i^le to arrange the resonator of-fe-ii^watioi^ 
o^cr an iur gap pro\ideti m the carrier sub^Jratc, 

The first aud ^e second eiectrode conBiot of may incbde an electrically 
conductive iMteiial, such a:s a metiil or a metal alloji-'. 

The piexoslectric layer fjf^j^Mf-esjjskts-^fmi^^ AM, but cm 
eemis^ indmle another material wifli pieS:oelectric properties (sstscli ais ZnO). U U also 
possible that tfee piezoeiectric lkyer comprisej? a pltjrality of adjacent or separated, 
idciitical or dit&rent layers with piezoelectric propeilies, 

it is possible tiist the first and/or tlic second electrode has a multilayer stn.jeiyr« 
^tHaiii-sii-ag ocmjjnsed of two or more adjacent layers of diiTerent materials. It Is also 
p'-isoiblc liat nsw ric/AV'kvrnc layer in the "0^0: ju^' -»^-i?e4n¥6f4ieB comprises tv,-o or 
nioic aJjaoent or t-cparared hyers ofdifterenr ^naieriais. 
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It is pos:iibie ihi% additionally, a layer resistant to dielectric discharge is ;iiTimged 
beiween the ilrst and the second electrode, said^av^Ji-ffet^ti-Hg MMgllMfA^XtLSM^r^lS 
the resonator against electric arcing between the electrodes, 

I'he coat)^eciionr« geo 3 r4iRg io th^"iiiv e iitlt>i>., of s capacitor in parallel to a BAW 
resonator cm be accomplished in a filter constructed, for exaraple, in a ladder-t>'pe 
con^h-^jv;ib>n. in .hitticc-ispc consn'sic!io?> ■.■r an SC"F iS^iick-jd Cfv^iti^J Filter), as well as 
ofan)' combination Di"sai4 BAW resonators iHH5tvFtfeg-4^4hs4m^<m«eH. 

It is possible to pro\'ide for the connection of a capacitor in parallel to a BAW 
resonator in on!}- one .-icrial branch or in a ph;r;iiif) of sorifU brandies o[q liltcr. it is also 
possible to pro\ ide ibr the connection of a capacitor ut parallel to a BAW resonator in 
only one parallel branch or a plurality of pm"allei branches ofa Ulter. In a Imher 
embodii-nent, it is possible that the connection of a capacitor in parallel to a BAW 
resonator be provided in at least one serial, branch or m at least one pas-allel branch of the 
mter. 

In ^kl^jiempkty embodiments^ the ^alue of the capacitor connee4edra«Ci«^lH>g«t6 
M5V#*tiaBv la pai-allel to a BAW j^sonator prel^^bJ^H^s^eg imaxfee hetween O.l md 
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li is advantageous when the coupling of the resonaior is reduced only in th& serial 
branches or only m the parallel branches of a filter or a duplexer by the comieciion in 
parallel of ih« correspondiisg capacslors. 

It ss poss^ibic to imi^icment ihc capacitor connected m parallel to a 0A\V a^sonato'- 
by connecting a discrete capacitor m parallel to the B^WV resonator Another fossibllitj 
so '■oi'^/o V v< . ^> '■M^afi^^structwed mciaUaytT!?. U 

5s al^o >'s^ivj V, \> anrrigc ar <ulu^UoraJ Oiclccuic Ia\c; hetwc4?u ihc ckctroJcs of the 
BAW resomuor to increase the capacitance of the BAVi,' resonator, litis dselccmc lave 
call be sn-anged between the piczGelecmc layer and orie of tlie olectrodes or between tss-'o 
pejsoe;lectric layers. 

The parasitic cj^acitance of the respecti ve resonator cm slso be delil>eratdy 
selected be as large jjs possibfe, for exairipie by enlarging the electrode surface to 
improve the edge steepness of the filter construeted of sucb resoiiators. Other i^eelk-aifejBg 
ef-ihe -is^f^-eaiisH bn^-kslMtatlons not cited bcre arc abo possible, 

I i\ o^rib'e that tlic lov^cr aiid oj uppcj d>ei regioti ot\hc ic onato. ac^co.Jug t*> 
^ K> *.ivt5.itA>ft ^Ajavt^tts o$ miyjncLide one oi moic id>crij It is po-^nii ic that an 

Impedance. 
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The acoustic mirroi c<)BSi{>ts^f niay Ciimpji^c altematxBa vIxcin, each lavjg a 

expansion o* *lic (»cousUc xvave in tlie respective matenal) 1 be accmsi an r<T *iius 
pro-v'des one aad'cr a pj«ralit>' of boundary ssiiriaccs, which, at vhe resonant 'ixNiuencN of 
the acou^t... \ c c.k , ^ tk i ^^o rc^^onatoi and prc\ ent the \^ a\ c fVo r CN^'aping i;-* 
l^iv duectuxi ^ . ""iit; ei ^ubisna.o 

In a llijlher advatitageous embodimest of-tfe^-a^yeiitien, one of layers of the 
acoustic mirror can simultaiieously coKsti tute one of said <^!eclTOdes. 

Inc s »c~ ^x.uH-<iH*g-i0-^je-Hive^ieft, of a BAW luscmator v^nlt 4. t.ap<icuo{ 
uMncctcd in parallel in the cucult of ? band-pass filter inc^eases^ ibe et^ge sicepucSvS «1 tht 
tj ansmij»sion bai^d of the oantl-pass filler \s a rcsuii, the attcaiuatum of the u^J js 
s^^.scj.r 'V » .M'> '■'a! T o'O"^ ww^ t< 'bc^uia^^nii^sor ' ^<^^vM.-f ' v 

aviva^ita^eoii^-nU>vuAeo leaxuauu^io* a duplex cf {.ua.t.-s.H.hj, Svc. .a^^.K-n^^ Aicx 
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(.ra ti^ r(« "iirg <vu ito <^tavK that conpr stsa* ^eisr* mo ^so ! v s ; ^ 
c 1 itt <^ I ^ is T\ B sv> 1 uors lai "tf ^-^i. tht «,so ^ 

0)0 ' ! St i ! s5 K * -1 J ?! ! ^ > kt, ^ 

a^ixigi- -pct t ^^vncn a i, >iph u ia>cr is prov dvd bUNstea ihe uppei vlu-tr<. at. Ik lox\<.r 
IG- resonator and the iovyer dectrod^^ 

Isj tiiis connection, the upper electrode of the lower tesdMtor Gpcrating mih balk; 
acoustic waves and the ;iower electrode of tlje ui^er resonator operating mtli bulk aeoiistic 
wsves, which are arranged in the rt^oriator stack, is electrically connected with one of the 
i S electrodes of l^st one additional resonator or resonator stf ck. 

'adder-t>T>s. arrviiigtment or (ni the ca,sc of a sixiitabic connection) of a lattiee-tyoo 
a""aiii',eircnt of incissdual resonatoi^, at 3e^t tvso of said the iessnator^t beiug acou^^ticalh 
20 -^^ i ' CO \s i' V 1 . 1 ' V ' T L . t= ' -N i, ' Ki. .'in a \ 
po^v V .ut x^vO B \\\ I Oiorators an ar^ed o i top i' oie .»noJK'' .s\Kk *,'ax»/^ '>^c 
^cnal ies ^^vHc *5 or paialle^ resonators ol the Liddet-t>pe an-angemtjjt or i i the ialt1ce~^^pe 
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arrangeinem. H is also posisible thai t\:o BAW rcsKinators arranged i>o t*.sp of one aaotJit'r 
in a stack realize one senal rcson(*tor and one parailoi rcucmator of the hdder-type 
arrangement or the lattice-t>pe arr^gement. 

A coupling layer i6- pr e feg j ?ly maxfeg :pro^'i{!e(l betweejt tire ^spper dectftxle of the 
lower resoisator operating with builc aeoustic md thelcnvst eiectfode of iBe u|sper 
f esbBator ppiTating %\dth bdk acoust^ xvBich are arranged in the resonati^r stack. 

The at least one additional rssonator can* for example, be a resonator with bulk ; 
acoustic waves, a resonator operating wiili acoostic surface waves, an LC reisonM^r or a 
resonator stack as speei fied above. 

Use sec^H3d electrode of tlie at least one addltionai resoiiator, wllieh is not 
CQuneeted ib Ifce resonators arranged on tdp of otie an<itb$r in tive resonMdr staek^ can be 
eonneded to ground or to a subsequent resoi^ator aiid/or to a resonator stack not jfet 
speciiiefi, 

I he c U aoee^diJJ^ represent an dO" ^O'g.K oais comhmat'on of 

dnte.eiU lUt," an* *igcn ents knews s-^Jie^irt, such as ihe arrar^emcn* t * tiie rcsona c,n<- 

ti»tc» ^vliose b< s V e^T Hi *s cali/c tlic circust at.u>rding to Ui tMH^tentH^H d-^ i.v\nparco 
-12-- 
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s'' 'tb the rt'K^.cr I" Ktjo i of a Thttr won*>tii.Jctv.d rtsoTU t ^! s*at.ks kix u e>v 

he CI cut ac^onl ng tke im^-rfion wimfe, i«r s\ai pk-, t,efv^i-bt>- Vwt 
jncbdos dtosoj *or stack and a resonator elect ica Is ccti ected vvsth it as vpecifiui 
abov&^5i!©&«M¥-t50«sfefeiSes may comprise a b&sic- elemeni of a IjI ser. 

It i§ possible tiiat a plurality 6f paralklresoiiatorSi mch of wliich is artaagsd in a 
paral lei branch oi dsiferent basic eleiusnt electrically comiccted ws& one anotl^er. are 
a;.Ovi-.* J ^ T'Ci-tcd w.th one anolliei and or airai-'ged on tu ^ of ore ^k^Lsci u ■> ^ 
poss.»)k u^* mstead ot onl> ore resonatoi bang redh/ed m tl-^c r k n m a'lc 
jes-onator) u basic dement of tlie crcuit ae so? dtiijji to fe iaveKtH". ' ^ o yo nfokTi»*H=sr 
coo^ied xs'f 1 one another) parallU resonators eonxicctcd m sencs or n paraik'i ore 
realiijed. 

It k abo possible tliat nioii* than onI>' luo M^ila. iej>o< us i^is au .^/rar.^^M 0:5 to|5 of 
one aiiotlier aiid^or acoustically coupled with one antnher. 

Thi. h iM^- ck'injiit.s iA'thc t^*rci+k-ij^vH»?Jiu^4o-4he4HveMioH dcseribod above can be 
combined witli one another m any manner. 



-13- 



1 42 1 1/ l>2(K)2,0843USN 
U.S. AppiioatK>ii No. l0/530,5«7 



In the foliowisig, theinventi^a-lti cmbpdhiicnLs arc explained in greiucr deiuil on 
the basis of figures ihat are schcniaiic and, therefore, not true i« scale. 

DESCRiPllON OF mE DliAWINGS 

Figure 1 shows an equivalent eircuit dhi^im of a B A W resonator. 

Figure 2 shows the circuit diagram of a resonator stack., 

Fieur;.' .> ;<ho\vs a resonator stack with acoui^kaliy coupled BAW resonators in 
schematic cross-seciion (state of the ar{)_^ 

Figare 4 shows miotber example of a resonator stack wi& acousticj^ly youpkd ; 
BA W reson ators mid a eoupiing layer in schesiatic cross-section (state of the ait)_. 

Figore 5a shovv* ai^ equiwilcnt circuit diagra of a B.^W resonator with a 
capacitor connected in parallel te4 t ; ■ 'aseo rdiHg - 1 o t fa^ i H-v^eti^^s^ 

Figure 5b shows an eqmvalent circuit diagram of a BAW resonator with a 
capacitor connected in series. t04Va(^^fdli^to #>e iav^n : tlQe 

Figure 6a shows a basic element of a filter realized m l adder-type cojistracticm ; 
With a capacitor connected in parallel to a B.AW rcsf»?t,'itor iii the scria; branch. 

Figure 6b shows the trausler function oI"a iiiler realized hi ladder- Ivpc 
construction without and with a capacitor eoiniectcd in parallel to a BAW resonator itrthe 
serial hraneh, 

Figujc 7 sbc-vvs a basic elcmcni of a filter rcalt/ed in laddcr-typo consuucfio;; with 
a capacitor ooni^ected in paraliel to a BAW resonator iti the parallel brancL 
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oonsti t. t wn'i c<ipacA)rs connected mpt.rdikl to B\\\ itstn \ s r k st, k 

branches- 

Figure 8b shuvv^ -ho tiansfer fuoctiiini of a fiUcr rctiHxcd m buicc-i>po 
conslaiction without and with a capacitor connected in parallel to a BAW resonator m tlie 

Figusre*^ -;iun\-; an e-sar-spKirs anK^dimoni .^^'-i ^V;ler jCiH/eu in hiliico-lypo 
coiiMruciion wsthi capacitors conaecLod in parallel ks BAW rcsc-iiator? '.a li\c panulc) 
branches. 

Fi gure 10 sko ws a ooimectio n; accordmg 404l^-Hwa^^ea-,- of a resonatog stack iB : 
ihc seriai brarch .au; o :;cdrj<vi ; 3 \\V jesoiiaior in iho pisraOel branch, in circuit 
diagrani (a) hnd in .^cheniat;c cros&-scciu)!\ (b). respectively. 

Figure 1 1 shoves an adv;mtageou.s cxempiary embodlmciit of s conncctioiir 
M^^ er4itig4<>4i»im^ i4i0nv of a resonator stack and of an addition al B AW resonator in ; 
scheittatic cross-section, 

Fisasn.' lil show^ a con^coijcm-ac■tX>i4^^>tH<*-^^H^4avcH^fk^^ of a rt;sonjitor -"tack in 
the serial branch und of an additionai rej^onator stack in \hc pandki branclu circuit 
diagram (a) md m schematic cross-section (b), respectively. 

DETAILED DESCRIPTION 
Figures 1 tu 4 have already been discussed earlter, Mgurc 5j siuiv^-; at- a|urv olor?! 
circuit diagnuu of a BAW resonator with a capacitor Ca connected sti pai-aJlei to it 

-15- 
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Outside the resonant irecjuency rangc^ the resonator k ^:=bara€teiHeiJ %y inchtdes s sUuic 
capacitor Co and, in proximity to tiie resonatii freqtiencyf by a resistor R„i, a capacitor Cs; 
.riHi csn ns-Juctiv c j\'sistor 1,.-,. The resistor R--. describes ;-\s^;e? in tJis; rc^o^salor, whiic the 
capacuor una iho inductive resistor Ut, dcienuinc the rcsouu.ai irajuortcy. The ratio 
5 Ci-JCi) detcnnmc^s the coupling of the resonator, The addition of a capacitor Cs conjicctai 
i^^ pai-aliel to the resonator results in redaction of the effective coupling of the resonstor, 
which is now determined by QJ(€(i ^ Ca), instead of CJCa. 

Bigure 5b shows an equiyaient circuit diagram of a BAW rsssmttor willt a 
m capacitor isojm^eted in series to it. 

An exemplary connection oftwo .BAW resonators RA sM RB in laddcr-^typss 
constmction mid a capacitor Q connected in pja^ilel: U> oiie of ^ resonators is 
sliomt In Figure 6a, Resonator KA is am^nged in a serial braneh and resonator RB in a ; 
15 paralld branch of tlie circuit Two resonators connected in this majinef represent^ for 
example, a basic element of a ladder-type filter kmwn in the art. 

In Figure 6a, the capacitor Cg is integrated in the serial braiich of tlie circait< In 
tMs connection, it is connected in parallel to the serial resonator RA, as a result of which 
20 ihc- ep'os . ^ i^^ \ ^dL'^. of tht tixi^ror 'unct.on 'n t V ! ^ ' s5>-^ ^ he 
controlled and/or increased. Siicb a basic eicmesii can, ibr exarnpic, bo used ir; 
Iransmission IHter (Tx fiber ) of a duplex er, especialiy a PCS duplexer. 
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i igu a f>h shoAs the iraist^r funaion S21 ot ^ ^ui^i ica oJ n »saJei \|x 

nl > ! c a5^j\. uiclh^i tsi<. til^v, vonsiuckxlc^ ic^oj i.<,i^ k 

Itiddcr tvpc vOT'structioa kiown m tiic art i5> mdicatcd hy a da'^icvl I no ' ^ He rai sht 
fu ittjon <5 mo tilicr ai?fct>dkHg ^O"fee «iveatKM m ladder l>'pc v,c> t^tti ^.tjon \\ a 
V iip.w to > T 1 It I * 5 t. 1 n s s > n 1 

v-onffvoo:* 3 V 2 \^ luan he Uan^-^t lutcui ! i lius ;.>*s«. Li-^-N^^qxr p's tot 
the transmjssjOB band 

1 h<'uri {he c Jpaulor { sittc td i1k->« i U v. t 

llS^ 1Tv>. H ! t i S S 1 > \ Ui,'3 

von{*-oi anu or 3 cr*.asa1 Sm,h i I ekmuit ca.i for cxai^ pio be us<.v n vctp*io i 
iiUef tRx liksr) ot a duplexer, especially a PCS dupkssr. 

The capacitor C.-^ am be arranged on a carrier .sub&iratc, together iho SAW ; 
resonator. The capacitor cm also constitute a discrete con^pcfsient with external 
electrodes, which is electricdly connected with the BAW rssoimtor as described above. 
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M OS IVl I? Nfi-A 51 U A i lOy ' MARK.<« D-IP\I< RSION 

M K« .^Ko possible that th<. capacnor i\ is rcalr/ed m thv metal i/oJ Iv>yv;r<> oCtbc 
(niululajer) oamer substrate and, as descnbU above, is tlectncallY conziectSi \^ idi tfee 
BAW resonat<ir by mmm, for example, Mlltdthrtmghs. bump conneciots Oi Khki w ues 

\n c\v*'npk ot a umnect on ot X\\ o B rt^cm^tors R \ afi<. RES ' i i«,niw^ s 
t.i^r*strucUoa t n<l a ;.apacxl:v>r C connoacd in parallel to oi5C ol <?ajO rcsoaa\M s s\^vvr ^ 

b^i^Kl ol i<. 1 I girw, H.siiov H\t pi rs chs.->ona>.o'-s nv-vUci a s i m 
Ahiv'i, V r e^anple, vonstitutc 4 ba^c element of a f Jt ='f icals/cd u iarive-t-^-pc 
constmction feew«4jHi^^ 

in Figure 8:5, each of two capacitors ("a is iutegi-aied in a serial branch ofthc 
circtnt. In this comieciios, each is comiccied in paraliei to the con-esponding serial 
xmomXot RA, as a r^Blt of which tlie sti^pness of &e n,^t etige of the trasasfer fm^etioii 
in tbe tfaosnjission bat^d c^iii be controlled and/or increased. Such a basic element can, ibr 
cxaitspK\ be used in a trausn^ission fdter x filter) of a duplcxo", especially a PCS 
dupleser.. 

Figure: Sb shows the transfer function S21 of a ilber realized in iattice-tvpc 
v-^vastrucfi- -n v.ith(un and with a i;sp.'.03\>r O'^-ncc^cd in p;ual!e[ t<> a i^AW resonator in ihe 
?cndl hrtmch. The transfer fimctlon Dfihe fdtcr consu-ucted oi BAv\" rt'sonatc^rs in iIk^ 
iatticc»type consmnnion knows in the art is Indicated by a dashed line 1 1 , The tnirisfcr- 



^^h-- 1 H 1 1 S!'U « K \ I ION \l \Rki D m \ I RSlO\ 

hwctum of v^:e flltci acc<H4iftg k* tin. ip-N-ejniiHi ir iartvc l>i>c \.v.\is.*n v t<v v Ah a 
Ct.pacito a^nnectcd m parallel to a B'WV ^t^vonatorn the <-cna' b c^^eb i luicatcd a 
5 s n the traii<?ki tu iction n & s Ct»«!c v* ^ ccpv s^iil ics,v o 

u n \\ 

In 5 Uujre 9 each f)i iwo cipauio^ is> Megtitcd hi si paial h dsv^ ^h$, 
ufvJit i i ! c) c HLck i n n n u ib a'^ » 

Kmd car* be u>ntr\ llcd and oi mueiicd hudi a bus.K i.lcn <Mt v-an ior example be iscJ 
k a reception filter (Rx fslter) o£a duplexer, especialiy a PCS duplexes 

Figxvrc s(Hi slsuvv-,. the circuit dia|a'am oi's conn5;ctionriH^«e?4fef--KV4l!©4m-'-e?Hif>«v 
of a rc^JDnator stack, >\kit:h coaipnsc.^ the BA\V resonators SRI md S\12, m the serial 
fetanch, aad of an additional BAW resonator PRin the parallel branch, Th& resonator 
stack is comiected behveen poxis H and P2. An exemplary realkstion of such a circuit is 
shown in schcnnatic crcisj^-scctioi"- in Figure 10b. The resc;na5or stack comprisi's the 
piezoeleciric layer FS2, which is arranged between two electrodes El and 1-2 (center 
electrode). The piezoekctric layer PS2 is arranged nhove thetn. An electi-ade E4 
comiected to the port 2 lies on the piezoelectric layer .PS2, The pott FJ is electrically 
cxmrtcctcd wish the electrode EI. The layer sequence EL PSl and \'i2 roalixcs. tor 
example, tlie resonator SR I in accord^mcc with Figure 10a. The layer sequersct; B,.?,, PS2 
arid B4 realizes, for example, the resonator SR2 in accordance with Figure 10a. Mere, tine 
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TCiA ••ati PR in <*io pdr<,il;d brandi tin* cu t jp^ *o c . Os ^ tVi j H «r c 
\\ytir beciien^-c ^6 (de^t xkIc) I (pitvucle^'tric laser) aid P'^ {Cie*.* v>ac" tlx Ov ode 

^ ! S <) \ -1 ti "-t 1 U LI ^S --^UtO ^5 i J * W <. ^ ^ C * < It* 

rcsonaio" 1 be rt'i>onak>r stuck lat'udejs 4>f)»s^, Irom bottom lo top. a hj^t cltJviiiU 
10 F ^ fli '-t pisr/oekcmc vei PS i , a »;cumc electrode E2 a coupling cr KS ' a tnia 
dci-tiodt I > a. accord pie/oelcLtTK \%ci PS2 luua oo^ ' " v,v \k I i ! ic rvSO'M r 
s i <.k fuir^ ^ <^pato s aTTtWjgcd * > ? o* >>no anctncr Ji c xs i'' o ail t.' 

1% B^ertft^T^ *^-st voupbiig {K,on^-^^nihngio SR. and SR2 ' u '"v h i» ai d is 
t. i>rroctcd bctxs etn txsjti. ? I md P2 The f diaUel bfundi of the vU wj« fomwa n 
15 ddd 'onal re'vOfia\>r, hich i,e«*tj^^. oi mUud«^ a tliixd pjv/oUcct ic U\ cr '^SS aiid 
^kil \!^s «T <. i <j "larr^ i. uh ' st litem v cs tj i f vt, 

another circus t not shown here. 

a ti.s<> Kr„ ; inack in the scnal bnmch and arsotbc re&opaKjf ^savk i>v pxa'J?„i y^^ACt 
bot\v cen pom PI and P2. The fu'St rc&onator stack oet^ai^ts~ei inclufc ^wo resonators 
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SRI and SR2 conceded in series. The sccos d resonator stack includes nvo 

resonators PR i ai d PR2 coimected in scries. An exemplary realization oftlus circuit is 
-ui'^'^r: :n :o;i.T--s.Uh. c-v'^— .section in Figure 12b. "!he tjrst resonjior si'scl. Is v.\>;i\accsuJ ;..•> 
s'xvAr: -n r-gjrc lOh Tlit; scoc.r:d resonator stuck iuciudcs oi^^ss-jjts, trosn boi?;.^U! Soj'. 
an electrode E6 (connected to groand, for example), & piezoelectric layer FS3, a center 
electrode E5, v-hioh is eiectricaUy connected with electrode E2 of the lirst resonator stack, 
a piezoelectiie layer FS4 and m eiectiode E7 (connected to gi-ound; for example). 

TliDis^ liot specifieslly skiwn in the ^gm% tii© (iower) resonate &t&, m this ; 
case, also an'snge^ on a carrier substrate, an aiir gap or an aeoastic mimr being prj.mde45 
in each case, between the carder sufestrate and resonator. 

In the miercst of claruy, only a Few e mbodimenls are describcil; ho\\ever, Ihe 
claims ar^ #ie%v=eati«»i-w^r^^*l^'-d«s<^4b«d-«a4k«-^ 




of ihe possible copjhinations of Iheb.jsic donscnts and an';ingen-:ci>ls prcscntv\i ubcvc, as 
well as the nun^ber oflasen* in said ks>cf regions oftlic resonaic-r ii^^ct>ftiifv^-K->nfed 
i*^¥m«-m. The javeatifMv4s clainig are not limited to a specific fi-a|t3cncy rani^c or a 
.spcciilo scope of application. Each of ihe layers of the resonator according 



I iie rosoaaiof avwr4iftg-4i-Hl^e-Hwentlon am aiso contain pLsj.iiiiV {«..g., siol aaj.iv^cnt u 
one another? of piezoelectric layers or more than only two electrodes, 
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J. Other vaTiations are possible, especially in liglit 
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IJ-ic electrical coTmections (including the connections to ground) in tlie exemplary 
eT^b^^d•>5sc;s^ ooscrihcil can contain discrete elements, «iuch as inductive ro&istofs, 
japacUo'-^, d/l :} ia)es or ridjustnienl networks. 



Wh^tt is daimcd is: 



